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I  he  Pasteurella  species  implicated  as  the  etiologic  agent  of  a  massive  white  perch 
mortality  in  the  Chesapeake  Bay  and  first  described  by  S.  F.  Snieszko  et  al.  has  been 
characterized  further  in  our  laboratory.  The  general  morphology  and  physiology  of 
this  organism  is  .similar  to  that  of  the  pasteurellae  and  several  known  fish  patho¬ 
gens  There  are  enough  dissimilarities,  however,  to  rule  out  its  identification  with 
any  established  species.  The  organism  is  obligateiy  halophilic  and  grows  in  a  temper¬ 
ature  range  between  17  and  31  C  on  ordinary  media  containing  1  Vo  NaCl.  It  has  a  rel¬ 
atively  narrow  range  of />H,  temperature,  and  salinity  tolerance,  and  a  very  short 
surv  iva!  time  in  spent  media  or  brackish  water,  in  cont.-ast  to  Pasteurella  pestis  and  P. 
pseuJotuherculosis.  Serological  tests  also  indicate  that  this  organism  is  distinct  from 
other  species  vv  hich  it  resembles.  On  the  basis  of  classic  morphological  and  physiolog¬ 
ical  criteria,  this  organism  tits  best  in  the  genus  Pasteurella-,  the  species  name 
piseicida  (L  noun  piscis.  a  fish;  L  v.L.adj.  su‘T>\  cidus.  to  kill;  M.L  noun  pisricida. 
fish  killer)  is  proposed. 


During  the  summer  of  1963.  an  epizootic  oc¬ 
curred  among  white  perch  <  Roccus  americanus » in 
the  upper  Chesapeake  Bay  and  its  tributaries 
which  dest toyed  approximately  50’ ;  of  the 
population  S'  A  Pasteurella  species  (designated 
Pasteurella  sp  white  perch  .  which  appeared  to 
Iv  the  etiologic  agent,  was  isolated  from  the 
blood  a  no  organs  of  moribund  white  perch  and 
diseased  striped  bass  i  Roccus  saxatuis)  by  Snieszko 
and  his  co  workers  -9i.  Hie  morphology  and 
physiology  of  this  organism,  as  well  as  the  rapidly 
fatal  septicemic  >.  haractcr  of  the  disease,  led  to 
the  suspicion  that  the  organism  might  be  closely 
t elated  to  Pasteurella  pesos  and.  therefore, 
potentially  dangerous  to  man.  I  his  suspicion  was 
reinforced  when  a  preliminary  serological  test 
revealed  that  rabbit  untiplaguc  serum  reacted 
with  the  organism  to  form  gel  precipitin  bands 
Because  of  the  possible  hazards  involved,  the 
work  begun  by  Snieszko  et  al  <9.i  was  continued 
in  our  laboratory  at  I  ort  Dctrick  in  order  to 
1 1  confirm  and  extend  the  identification  of 
Pasteurella  sp  white  perch),  it;  determine  its 
virulence  and  pathogenicity  in  white  perch,  and 
in  examine  its  potential  danger  to  public  health 
l  ac  morphology,  physiology,  and  serology  of  the 
oiuanisin  .tie  the  subjects  of  this  paper  a  study 
ii|  its  virulence  pathogenicity,  and  cpi/ootiology 
will  be  i e ported  in  a  future  communication 


Mati  rials  a  no  Mimiods 

twenty -seven  of  S.  K.  Snieszko’s  original  isolates 
of  the  Pasteurella  sp.  (white  perchi  from  white  perch 
ami  striped  bass  were  studied.  These  isolates  were 
grown  on  Difco  Heart  Infusion  Broth  (HIB)  and  BBL 
Blood  Agar  Base  (BAB).  Purple  Broth  (Difco)  was 
used  as  the  baral  medium  in  all  sugar  fermentation 
tests.  Sodium  chloride  was  added  to  all  media  to 
achieve  a  final  concentration  of  1'  i>  except  when  salt 
tolerance  of  the  organisms  was  under  study;  in  this 
case.  Nutrient  Broth  <  Difco i  without  added  NaCl 
was  used  as  the  basal  medium.  Cultures  were  incu¬ 
bated  statically  at  23  C  for  48  hr  before  use. 

Cultures  of  P.  pestis  (virulent  Alexander  strain) 
and  P.  pseudoiiiherciilosis  (type  I  strain  C-7;  from  the 
collection  at  Fort  Detrick  were  employed  where  indi¬ 
cated  The*  cultures  of  Ha-mophilus  piscium  and 
teronunias  salmon  in  da,  as  well  as  the  isolates  of 
Paonrella  sp  (white  perch),  were  supplied  by  S.  F. 
Snieszko.  The  I'ihria  parahaetnolyrictis  culture  was 
obtained  from  f .  J.  Berry,  and  all  other  cultures  used 
in  the  serological  studies  were  from  the  collection  of 
R.  R.  Brubaker.  All  cultures  of  organisms  other  than 
the  Pasteurella  sp  (white  perchi  were  incubated  at 
2(i  ('  on  a  reciprocating  shaker  for  48  hr  before  use. 

All  tests,  techniques,  ami  media  used  were  as  recom¬ 
mended  in  the  Manual  ot  Murohioloitieal  Methods 
10-  In  addition  we  also  used  the  following  tests: 
vibnoNt.it  !•  129  Nc.iMtiviiy.  as  described  In  Shevvan 
cl  al  ■?  .  lO.igiil.isc  activity  with  rabbit  plasma,  as 
described  In  Beeslcv  et  al  2?;  pcsticin  production 
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and  sensitivity  as  described  by  Brubaker  et  al.  <3j; 
and  cytochrome  oxidase  as  described  by  Ewing  and 
Johnson  4>. 

Phage  sensitivity  of  PastvurvUa  sp.  (white  perch  i 
was  tested  In  placing  drops  of  phage  cultures  on  agar 
plates  hating  visible,  continent,  surface  growth  of  the 
bacteria.  The  phages,  which  l>se  P.  pestm  but  not  P. 
f’\tiiili>wf>crcnioHs.  were  identified  in  our  la  bora  tors  as 
PPI .  I*P2,  1*1*4.  PP5,  PP7.  PP8.  and  C-16. 

rite  temperature  range  in  which  growth  of  organ¬ 
isms  occurred  on  the  surface  of  BAB  in  petri  dishes 
was  determined  with  the  method  described  b>  Land¬ 
man  ct-ai  5 

Salinity  and  />ll  tolerance  ranges  were  determined 
In  preparing  duplicate  sets  of  cultures  in  I  (Kind 
I  liilciinicyer  tlasks.  each  ct'ntaining  50  ml  of  medium 
adjusted  to  a  certain  />H  or  concentration  of  NaCI. 

I  or  the  salinity  test  the  medium  used  was  Nutrient 
Broth  Hi fco  In  the  lirst  pair  of  tlasks.  no  Nr.CI  was 
added  at  the  second  pair  of  tlasks.  O  V ,  NaCI  was 
added:  and  in  the  remaining  series  of  flasks,  increas 
mg  concentrations  of  NaCI.  by  0.5',  increments 
through  a  maximum  of  9',.  were  added.  The  same 
procedure  was  followed  in  the  pH  test,  except  that 
HIM  containing  I' .  NaCI  was  used  and  the  pll  was 
adit'sicd  In  aopiopriate  addition  of  0.1  n  HCI  or 
NaOH.  to  -t  5  in  the  tirst  pair  of  flasks,  to  5.0  in  the 
second  pan  of  flasks,  and  to  pH  sallies  through  pH 
•  I  in  t»5  increments  in  the  remaining  flasks.  After 
aulivlaving  the  media,  the  pH  in  one  set  of  flasks  was 
measured  and  it  was  assumed  that  the  ptl  was  identical 
m  the  duplicate  set.  Al!  flasks  were  inoculated  with  0.1 
ml  ol  a  21  hr  Hill  culture  of  the  indicated  organism 
diluted  I :  lO.ntW)  with  sterile  Hill  just  before  inocula¬ 
tion  A  senes  of  control  flasks  were  sairp.ed  immedi 
alcl>  alter  iinvulution.  ansi  all  iff  the  test  flasks  were 
sampled  after  48  hr  of  incubation  at  26  C.  The  number 
of  viable  organisms  in  each  sample  was  determined  b> 
ihc  standard  pour-plate  method  with  BAB. 

Survival  of  the  various  Pusteurcllu  species  in 
Nackislr  water  was  determined  by  inoculating  cultures 
of  a  representative  strain  into  water  from  the  Chcsa- 
ivakc  Hay,  at  Solomons.  Md .  which  contained  1.7* , 
NaCI  I  hc  organisms  were  grown  in  50  ml  of  HIB: 
then  they  were  washed  free  from  medium  by  centrifu¬ 
gation  and  were  suspended  in  tilter-sterili/ed  brackish 
water  twice  before  finally  Kang  dispersed  in  200  ml  of 
filter  sterilized  brackish  water.  These  suspensions  were 
dispensed  as  10  ml  portions  into  sterile  screw-cap 
lest  tubes  ami  were  incubated  at  23  C.  Tubes  contain¬ 
ing  umnouilati'd  sterile  brackish  water  served  as  a 
control  An  identical  test  series  was  also  prepared 
uiih  uiisici ih/cd  brackish  water.  Immediately  after 
the  test  sv stems  were  prepared,  a  single  tuK*  from  each 
senes  of  inoculated  water  and  uninoculated  controls 
was  sampled  and  discarded,  this  procedure  was  re¬ 
peated  alter  I  2.  3.  4.  5.  i4.  21.  28.  42.  and  70  days  ol 
incubation  Ihc  number  of  organisms  surviving  after 
the  v.u ions  nine  intervals  was  determined  bv  the 
standard  pour  plate  mcthvxl  with  BAB. 

Serological  studies  involved  the  use  of  the  gel 
diffusion  analysis  mcthixl  of  Ouchtcrlonv  ifn.  Ciel 
plates  contained  I’,  lonagar  *2  lOxoidi  in  pins 
lological  saline  plus  O  I  mg  of  Merlluolale  per  ml. 


Wells  were  6  mm  in  diameter  and  9  mm  apart  (center 
to  center).  The  plates  were  incubated  at  23  C  and  were 
exanrned  after  6,  12,  and  24  hr.  Bacterial  cultures 
employed  as  antigens  in  the  serological  tests  were 
grown  in  appropriate  media  for  48  hr  at  26  C,  exposed 
to  sonic  vibrations  for  10  min  with  a  Raytheon  sonic 
oscillator,  and  sterilized  by  filtration;  then  0.1  mg  of 
Merthiolate  per  ml  was  added  to  the  filtrate,  which 
was  stored  at  5  C  until  used.  Antisera  were  produced 
with  New  Zealand  white  rabbits  by  daily  intravenous 
injection  (over  a  2  week  period i  of  undiluted  48-hr 
HIB  cultures  of  Pasteur, 'Ha  sp.  (white  perch).  The 
initial  injection  was  0.2  ml  (containing  2  X  10'  organ¬ 
isms';  then  each  dose  was  increased  bv  0.1  ml  until  a 
dose  of  I  ml  (containing  10*  organisms'  was  reached 
and  held  constant.  Two  weeks  after  the  final  dose,  the 
rabbits  were  bled,  and  0.1  of  Merthiolate  per  ml  was 
added  to  the  serum  before  storage  at  5  C. 

The  immunological  similarit>  between  Paswuretm 
sp.  ivvhite  perchi.  P.  pest  is  and  P  ps/iuhttihereitlasis 
was  studied  bv  uc’.ivcl)  or  passively  immunizing 
guinea  pigs  and  mice  against  PasteurelLi  sp.  (white 
perch  (  and  testing  lor  immunity  against  lethal  infec¬ 
tion  with  P.  p.’stis.  The  animals  were  injected  it Ira - 
mitseulariv  with  0.1  ml  doses  containing  5  X  l(); 
organisms  Ench  of  30  Hart  lev  strain  gjinci  p.gs 
average  weight.  500  gi  was  injected  o ice  weekly  for 
2  months.  Two  weeks  alter  the  final  injection,  all  of 
the  experimental  animals  and  10  n.mmnumi/ed  con¬ 
trol  animu.s  were  each  injected  intraperiione  illy  with 
235  virulent  P  p  stis  cells.  Each  of  60  Hetrick  mice 
(average  weight.  20  g>  was  injected  twice  weekly  for  I 
month:  I  week  alter  the  final  immunizing  dose,  the 
animals  were  separated  into  six  ejual  groups  and  were 
inoculate!  with  graded  doses  of  virulent  P.  pest  is  by 
intraperitoneal  injection.  Also  injected  with  graded 
doses  of  virulent  P.  p.’.stis  were  60  nonimmuni/cd 
control  mice  and  60  mice  passivelv  immunized  bv 
intraperitoneal  injection  of  0.5  ml  of  rabbit  antisera 
against  Pasteutel/a  sp.  ivvhite  perchi  immediately 
before  challenge.  The  six  challenge  doses  ranged  from 
8  to  558  organisms  in  threefold  stepwise  increases. 
In  another  passive  protection  lest,  mice  in  groups  of 
10  were  each  injected  intraperitoaeally  with  0.5  ml  of 
physiological  saline,  normal  rabbit  serum,  rabbit  anti¬ 
serum  against  Pastcun  lla  sp.  ivvhite  perchi.  or  rabbit 
antiserum  against  P.  p.’stis  Immediately  after  these 
injections,  each  mouse  was  challenged  intraperitorte- 
ally  with  18.000  virulent  P.  p.'sli.s  cells.  All  of  the 
activey  immuni/cd  animals  had  detectable  gel  pre- 
cipitins  against  Pasteiirci/a  sp.  ivvhite  perchi;  the  rabbit 
antiserum  used  for  passive  immunization  had  a  gel 
precipitin  tiler  of  1:8. 

RtSt.lL  is 

The  27  isolates  of  Pusteitn-Ua  sp.  (white  perch) 
proved  to  he  identical  in  every  respect.  When 
observed  in  preparations  of  blood  or  organs, 
stained  with  Geimsa's  blood  stain,  from  mori¬ 
bund.  experimentally  infected  white  perch  (Fig. 

I  >.  the  bacilli  had  the  typical  bipolar  safety-pin 
appearance  characteristic  of  P.  pestis.  The 
organism  grew  moderately  well  in  ordinary  hac- 
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I  Hi.  I  A/*  hi  'hilt'  fh’rtiti  in  the  hhuul  nt 

ii  ii hit--  I'tith  ntonhniul  from  < 'i/xwu.w.//  inhiiinn 
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teriological  media  with  NaC'l  added.  It  was  rod 
shaped  with  rounded  ends,  grant  negative,  en 
capstilaleil,  nonllagellaled.  and  usually  0  5  by 

l. 5  /<m  in  si/e. 

Colonies  developed  within  7 2  hr  on  agar  media 
and  were  uniformly  round,  I  to  2  mm  in  diameter, 
glistening,  greyish  yellow,  entire,  convex,  opai|ue, 
and  viscid.  Growth  on  agai  slants  was  moderalelv 
ahundant.  filiform,  glistening,  greyish  yellow, 
translucent,  and  viscid.  In  Nutrient  Uroth,  the 
organism  prinluced  nuHlerale.  nnilorm  turbidity 
without  forming  a  pellicle  and  was  nonmotile 
Colonies  on  MacConkey's  Agar  %  2  i  Dilcoi  were 
uniformly  romul.  I  to  2  mm  in  diameter,  entire, 
opaque.  convex,  visciil,  and  yellow  with  a  reil 
center  No  growth  was  observed  on  Dilcn  S  S  oi 
brilliant  Green  Agar  Stab  or  slant  culluies  te 

m. nned  viable  lor  only  about  2  weeks  when  stoied 
at  5  C  Cultures  suspended  in  Wl',  glyceiol  phis 
10'.  phwiological  saline  aiul  stored  at  20  C 
suivivetl  lor  approximately  5  months 

Glucose.  fructose,  mallow,  mannose,  galactose, 
melibiose.  and  suctose  were  fermented  an.iero 
genically  h>  the  organism,  whereas  lactose, 
ih.minose.  salicin.  sorbitol,  xylose,  glycerol 
mannitol,  arabinose.  galactose,  dulcitol.  dextrin, 
esculin.  inositol.  melc/itose.  adonitol.  trehalose. 


inulin,  cellobiose.  and  rallinosc  weie  not  let 
menteil  tests  for  urease,  gelatinase.  II  S,  indole, 
acetyl  methyl  caibinol.  and  nitrate  reduction  were 
negative  I  he  methyl  red.  cy  livh  route  oxidase, 
and  catalase  tests  were  positive.  I  he  oiganism 
did  not  hemoly/e  labbit  blood,  oi  lyse  bovine 
librin.  or  coagulate  rabbit  plasma  It  did  not 
produce  ix'slicin.  nor  was  it  sensitive  to  this 
bucteriocm  produced  by  /’.  /vw/i  Phages  which 
lyse  /’  /»«*>// s  hail  no  elfecl  on  this  bacillus 
I'nlike  /’  /v.vm  and  /’.  /niWo/ii/'iTiWui/i.  it  was 
sensitive  to  the  vibriostat  0  I2‘>  A  typical  sti.un 
of  Ptisn  ui  t  lhi  sp.  i  vv  hite  jx’i  ch '  grew  in  a  tempo  a 
title  range  of  17  to  t|  C.  whereas  I'  /vw n  anil 
/’  i'\i-iii/i<tiil,t-rtiih>\i\  strains  were  able  to  glow 
ina  range  between  5  and  IOC  At  least  0  5’ .  NaCI 
in  media  was  rei|uircd  loi  growth  of  P,..*utn,  Hu 
sp.  iwhite  perch'.  whereas  /*  /vw/v  and  /*. 
l>\tHil<i  iil>i,n  tihni\  ilul  not  iei|iiire  the  addition  of 
NaCI  Optimal  growth  of  Pustcmvllu  sp  , white 
perch'  iveurred  in  I  5”,  NaCI,  with  a  maximal 
growth  tolerance  between  2  5  anil  5  O'  /*  />ci//i 
grew  Ivsl  with  0  5',  NaCI  m  the  medium,  and 
tolerated  4  5' ,  foi  growth  /’.  /Mi'Hi/ci«/vii  «/awi 
giew  best  in  the  medium  without  NaCI  and 
tolerated  5' .  NaCI;  some  organisms  sunned  -IS 
hr  of  incubation  at  25  C  in  medium  containing 
S.5',  NaCI.  PtiMiiiivIlii  sp  iwhite  pcich'  giew 
in  media  having  an  initial  />ll  taitge  between  b  * 
and  7  b,  with  optimal  growth  at  /*! I  (<  S  /’  /von 
grew  in  an  initial  range  between  5S  and  SO. 
with  the  optimum  at  7  2  /’.  /hcWo/hAcm ii/ow 
grew  in  an  initial  range  from  />ll  s  2  to  '»  5.  with 
an  indistinct  optimum  Ixlween  5  S  and  S  *»,  some 
organisms  survived  in  medium  with  an  initial  /'II 
of  10  5. 

As  indicated  in  I  ig  2,  P<i\icini!!„  sp  i while 
perch t  died  at  a  logarithmic  ate  within  5  days 
when  suspended  in  sterile  brackish  water  17, 
NaCI'  In  contrast.  P  /vw/v  grew  iluitng  the 
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lii  si  IS  hi  ami  survived  between  2S  anil  40  days 
uiuliT  llu'si*  conditions;  /’.  psemlolulwrculosis 
died  at  an  even  slower  rate,  with  some  organisms 
still  \iah!o  after  70  days  when  the  experiment 
was  laminated,  Survival  of  these  sivcies  in  tin 
sterilized  brackish  water  appeared  to  he  similar 
to  their  simiial  in  sterile  brackish  water,  al¬ 
though  it  was  impossible  !o  quantitate  the  number 
i'l  specific  i  table  organisms  accurately  because  of 
the  large  numlvr  of  indigenous  bacteria  in  the 
water 

Serum  from  rabbits  immunized  with  Pnstearcllti 
sp  dilute  |X*reh'  reacted  exclusively  with  this  or 
ganism  in  agar  gel  ilouble  dillusion  tests,  fwo 
distinct  precipitate  bands  were  formed.  I  "he  serum 
did  not  react  xtsibly  w  ith  the  following  organisms: 

liVt>/>ift7iT  UiT.igCHi  .llTO/Uc lilt  IS  llVtlrtip/lilid, 

I  sti/ni'inicii/ii,  I.  .v7».g«7/c>/</«\v,  /•.'.vo/ior/Wr/ii  *■« »//  It, 
lltienn 'ptiihts  piscnwi,  Kit  /'siella  pm‘iwu>niat\  P. 
/v stis ,  /’  /Mi 7/i It •Iti/urai/i  'sis.  Pmieus  iiu>rgtiitii, 

P  vulgaris,  Psat:'  uitonas  tnruginiixa,  Salmonella 
paratyphi  I.  Shigella  fle.sneri,  I  ihrio  paralnmoly 
lints,  and  )  ersin/a  enteroeoliliea.  Rabbit  antisera 
against  /’  /vs  ns  or  P  pseinlotnherenlosis  formed 

I  mi  i  I  Differenees  between  Pasteurella  sp. 
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precipitate  bands  when  reacted  with  Pasteurella 
sp.  <  white  perch',  but  these  bands  were  not  identi¬ 
cal  to  those  formed  with  /*.  pest  is  and  /*.  psetnh  >  - 
tuberculosis-.  furthermore,  the  sera  formed  pre 
cipitales  with  most  of  the  organisms  listed  above. 
Serum  from  many  nonimmuni/ed  rabbits  oxer  <» 
months  of  age  also  formed  precipitate  bands  with 
most  of  the  organisms  listed,  including  Pasteurella 
sp.  (uhitcivrch).  Serological  tests  performed  by 
J.  Currie  at  the  Waller  Reed  At  my  Institute  of 
Research  ruled  out  the  possibility  that  Pasteurella 
sp.  iwhile  perch'  was  a  P.  pxe-inltiiulH’rculosis 
type,  and  tests  by  K.  Ileddleston  at  the  National 
Animal  I  disease  I  aboraloiy  proxeil  that  it  was 
not  P.  multoeitla  or  P  Itaeniolvtua  type. 

Actiie  or  passive  immunization  of  mice  and 
guinea  pigs  against  Pasteurella  sp.  (white  perch' 
had  no  protective  ellect  against  lethal  infection 
with  P.  pcstis,  in  contrast  to  immunization  pro¬ 
cedures  with  P  pest  is  or  /’.  pseuiloluherculosix  as 
antigens. 

I'he  major  dillerences  between  Pasteurella  sp. 
(white  perch'  and  the  organisms  which  it  most 
resembles  are  summarized  in  fable  1 . 
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Discussion 

This  study  confirms  and  extends  the  observa¬ 
tions  of  Snieszko  et  at.  (11);  it  also  supports  their 
conclusion  that  the  organism  which  they  iso¬ 
lated  from  moribund  white  perch  and  diseased 
striped  bass  should  be  placed  in  the  genus 
Pastenrclla,  on  the  basis  of  criteria  outlined  in 
Bert'cy's  Manual.  When  the  organism  was  com¬ 
pared  with  the  established  species  which  it 
resembles  most  closely,  there  were  enough  dif¬ 
ferences  in  every  instance  (Table  1)  to  rule  out  its 
identification  with  any  of  these  species.  In  addi¬ 
tion,  no  serological  evidence  that  this  organism 
was  identical  to  any  of  these  species  was  detected. 
Allen  and  Pelczar  ( 1 )  used  numerical  taxonomy 
to  compare  the  organism  with  a  large  variety  of 
bacteria  isolated  from  the  internal  organs  of 
white  perch,  and  concluded  that  it  was  not  sig¬ 
nificantly  similar  to  any  of  the  organisms  tested. 

It  is  our  conclusion  that  the  Pastenrclla- like 
organism  from  white  perch  is  not  identical  to 
any  formally  established  species.  Thus,  we  suggest 
that  it  be  identified  as  Pasteurel/a  piscicu/a  (L. 
noun  piscis,  a  fish;  L.v.L.  adj.  sullix-r/t/a.v,  to  kill; 
M.L.  noun  piscicula.  fish  killer),  since  it  is  the  only 
Pastenrclla  species  which  has  been  isolated  from 
lisli  and  shown  ( unpublished  data)  to  cause  lethal 
infection  of  fish. 

The  Pastenrclla  species  from  white  perch 
resembles  marine  bacteria  in  its  absolute  require¬ 
ment  for  NaCI  and  in  its  growth  temperature 
range  of  17  to  31  C;  yet  its  range  of  tolerance  to 
NaCI  and  hydrogen  ion  concentration  is  sur¬ 
prisingly  narrow,  and  its  survival  time  in  brackish 
water  or  laboratory  media  is  very  short,  especially 
when  compared  to  P.  [testis  and  P.  pseuilotultcrcu- 
losis.  For  these  reasons,  we  suspect  that  this  fish 
pathogen  is  poorly  adapted  for  survival  outside  of 
its  host,  and  we  suggest  that  this  may  be  a  major 
reason  why  it  was  not  detected  before  and  has 
not  been  detected  since  tLe  massive  white  perch 


mortality  occurred  in  the  Chesapeake  Bay  area  in 
1963. 
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